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592a Tuesday, February 28, 2012of external ligands. Increasing the number of Smads to two significantly im-
proves information transmission as well as the ability to discriminate between
different ligands. Surprisingly, both total information transmitted through the
channel and the capacity to discriminate between external ligands are quite in-
sensitive to the cross-talk between the two Smads, as long as they are not nearly
identical. In sharp contrast, we find that two-component systems in bacteria
show a significantly sharper decline in information transfer in the presence
of cross-talk. This suggests that mammalian signal transduction can tolerate
a high amount of cross-talk. This may have played a role in the evolution of
new functionalities from small mutations in signaling pathways and allowed
for the development of cross-regulation. Insensitivity to cross-talk also could
increase robustness due to redundancy in signaling pathways. Conversely, bac-
terial two component systems are much less robust against cross-talk which
may provide an explanation for the lack of cross-regulation in most two com-
ponent systems.
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T-tubules in mammalian ventricular myocytes are invaginations of the surface
membrane which couple membrane depolarization with intracellular Ca2þ sig-
naling to facilitate the coordinated contraction. Deletion of t-tubules (detubula-
tion) has been reported in heart diseases, although the complex nature of the
cardiac excitation-contraction (E-C) coupling process makes it difficult to ex-
perimentally establish causal relationships between detubulation and cardiac
dysfunction. Alternatively, numerical simulations have been proposed, how-
ever, the majority of models treat the subcellular spaces as lumped compart-
ments, and are thus unable to dissect the impact of morphological changes in
t-tubules. We developed a 3D finite element model of cardiomyocytes in which
subcellular components including t-tubules, myofibrils, sarcoplasmic reticu-
lum, and mitochondria were modeled and arranged realistically. Based on
this framework, electrophysiology, E-C coupling, metabolism and mechanical
deformation are simulated by simultaneously solving the multiple reaction dif-
fusion equations for Ca2þ
and energy metabolites,
and the mechanical equilib-
rium. The model repro-
duced the Ca2þ transients
and contraction observed
in experimental studies
with and without the t-tu-
bule system and revealed
that the asynchronous con-
traction caused by a large
area of detubulated region
can impair contractile
efficiency.
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Driven by the desire to fulfill major needs for medical adhesives that fully de-
grade with time, adhere to wet tissues, control bleeding, and are mechanically
durable with controlled drug-release capabilities, our group has discovered
a unique new material called ‘‘e-gel’’. The e-gel forms during a process called
electrogelation, when a low-voltage direct-current field causes a sol-gel transi-
tion in an aqueous silk protein solution. The e-gel is fully biocompatible and
exhibits exceptional adhesive properties, both to tissue and synthetic surfaces
(including water environments) and can also be re-dissolved into solution by
reversal of electrical polarity. Furthermore, small shear forces induce structural
alignment of silk proteins resulting in the irreversible transition to the gel state.
To help elucidate the underlying mechanisms governing e-gel formation and
growth we have developed a finite element model of the electrogelation pro-
cess. The model examines how the dynamics of the pH field, caused by elec-
trolysis of water, controls e-gel growth. The pH field is variable during
electrogelation due to the interplay of positive Hþ ions generated at the
e-gel forming (þ) electrode and the negative OH- ions formed at the opposite(-) electrode. The acidic pH propagates from the positive electrode and induces
a gradual transition of the silk protein to the gel state. Our ion electro-diffusion
model has been experimentally verified and provides the ability to predict, for
a given set of conditions (e.g. strength of the current, geometry of the setup) the
growth of the e-gel from the positive toward the negative electrode, including
its final, steady-state length. The model is adaptable and can serve as a platform
for more intricate, multiscale models that would couple conformational
changes of silk proteins with macro-scale ion and protein transport.
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Catch bonds play a critical role in the phenomenon of leukocyte rolling and ad-
hesion. All selectin isoforms have been shown to form catch-slip bonds with
their ligands, and in vivo presumably act as systems of several parallel
receptor-ligand bonds. Little is known, however, about how the unusual kinet-
ics of the catch bond manifest as systems, nor how the inherent compliance of
the molecules themselves alters the behavior of the system. We conducted
Monte Carlo simulations and derived a closed form probabilistic expression
for mean bond lifetime based on reliability theory. Both approaches were based
on a single model that included the variables of contact area between the oppos-
ing surfaces, molecular compliance, and site density, and allowed for the for-
mation of new bonds when receptors and ligands were within range. We
found that at high numbers of initial bound receptor-ligand pairs (R10) and
at low molecular stiffness (% 1 pN/nm) receptor-ligand clusters behave exhibit
‘‘ideal’’ behavior over the 0-40 pN range - that is, an overall bond lifetime that
is invariant with load. This is in agreement with recent experimental data that
found ideal bond behavior at high surface densities of E-selectin. The bond life-
times even at high site densities were reasonable and not orders of magnitude
higher than single bonds. In contrast, slip bond (classical Bell model) interac-
tions give rise to disproportionate increases in bond lifetime with bond on-rate;
increasing the on-rate 50 to 75 fold increased mean bond lifetime 100 and 1000
fold respectively. The compliance of the receptor-ligands pairs also exerts
a strong influence by modulating the contact area between the surfaces. Our re-
sults suggest that classical slip bonds alone are untenable for adhesion in bio-
logical systems where cells must move relative to one another.
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Partial pressure of oxygen (pO2) is suggested to have a regulatory effect on
chondrocyte biosynthetic activities and its effect during expansion is unknown.
We hypothesize that oxygen tension due to mechanical deformation or swelling
could be as important as direct mechanical effects on cell biosynthetic activi-
ties. While there are plenty of studies on measuring and/or modeling pO2 in
articular cartilage (AC) for static (rest) conditions, to our best of knowledge,
there are no such studies on pO2 in AC for dynamic conditions such as swelling
or tissue deformation. In this study, we attempt to develop a model to study the
dynamics of oxygen transport in AC. We design a high-precision hybrid ele-
ment using the p-type finite element method by which both, diffusion and con-
vection, are incorporated as a single element. We use a domain decomposition
method that allow us to use a different type of discretization with independent
discretization variables in non-overlapping sub-domains, for a generic three-
dimensional approach to elliptic boundary value problems of order two or
higher. Results strongly support the idea that during normal activity, the partial
pressure of oxygen in AC is uniform and high (close to 50 mmHg) unlike in
static conditions where partial pressure has a large gradient from surface to bot-
tom. The formulation developed in this study might be used in determining the
necessary flow conditions to cultivate tissue constructs in tissue repair and tis-
sue engineering.
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Patch clamp recordings of isolated ventricular myocytes frequently display
a temporal variability in the action potential duration. Intercellular coupling
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turn as coupling is reduced. A phenomenological model capable of accurately
capturing action potential morphology and variability observed in experimental
data has been developed with tunable restitution properties. The phenomeno-
logical formulation also allows fast simulation compared with biophysically
detailed models. This model is now used to investigate the effects of action po-
tential variability over prolonged periods.
A two dimensional tissue slab is simulated using a monodomain model and the
simulation software Chaste. Simulations are performed with and without vari-
ability in the action potential model. Different coupling strengths are used with
a physiological conductivity corresponding to a conduction velocity of 71cm/s.
Simulations are performed at full conductivity, and with the conductivity scaled
by factors of 0.5, 0.1 and 0.05.
At a pacing cycle length of 1000ms with physiological coupling and differences
in action potential duration with and without variability are negligible. Under
reduced coupling, the difference increases to a maximum of 2ms. No correla-
tion is observed between beats.
At a cycle length of 230ms, temporal variability drives the cell model to alter-
nans. This effect is reduced in tissue at all conductivities. Tissue was paced for
40 beats at a cycle length of 230ms before a cycle length reduction of 4ms. The
process was repeated until propagation failed. At a cycle length of 222ms a spa-
tially discordant alternans of magnitude 2ms was observed.
In conclusion, stochastic effects are masked at physiological conductivity
values and effects do not accumulate over time. At significantly reduced con-
ductivity heterogeneities in repolarisation can be induced.
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We are exploring the viability of a novel approach to cardiocyte contractility
assessment based on biomechanical properties of the cardiac cells, energy con-
servation principles, and information content measures. We define our measure
of cell contraction as being the distance between the shapes of the contracting
cell, assessed by the minimum total energy of the domain deformation (warp-
ing) of one cell shape into another. To guarantee a meaningful vis-a`-vis corre-
spondence between the two shapes, we employ both a data fidelity term and
a regularization term. The data fidelity term is based on nonlinear features of
the shapes while the regularization term enforces the compatibility between
the shape deformations and that of a hyper-elastic material. We tested this ap-
proach by assessing the contractile responses in isolated adult rat cardiocytes
and contrasted these measurements against two different methods for contrac-
tility assessment in the literature. Results show good qualitative and quantita-
tive agreements with these methods as far as frequency, pacing, and overall
behavior of the contractions are concerned. We hypothesize that the proposed
methodology, once appropriately developed and customized, can provide
a framework for computational cardiac cell biomechanics that can be used to
integrate both theory and experiment. For example, besides giving a good as-
sessment of contractile response of the cardiocyte, since the excitation process
of the cell is a closed system, this methodology can be employed in an attempt
to infer statistically significant model parameters for the constitutive equations
of the cardiocytes.
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Multipotent progenitor cells have appealing characteristics such that they can
self divide or develop into virtually any given cell type depending on environ-
mental factors. Lineage-affiliated transcription factors govern the specification
of a given cell lineage. A concern is how lineage -determining transcription fac-
tors lead to the stability of progenitor cells, committing to a specific cell line.
Binary cell fate decisions can be governed mathematically by circuits that gen-
erate attractors corresponding to specified lineages. Bifurcations represent cell
divisions and stage differentiation from lineage specific attractors. The findings
of the constructed model represent that stages of stem cell differentiation
through auto-regulation, inhibition and degradation factors can be analyzed
mathematically by the stability of the stochastic and deterministic features
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Cancer research has achieved dramatic advances in recent years with mod-
ern techniques and aroused extensive efforts to discover effective therapeu-
tic drugs. As complement to time and resource intensive traditional drug
development methods, application of computational models for drug phar-
macokinetics and pharmacodynamics research has become increasingly
popular because of its high efficiency and flexibility. Our work provides
a well-designed integrated mechanistic model for developing cancer drugs
by incorporating new techniques like PET, CT, and intravital microscopy.
This model studies drug distribution and therapeutic effects from a system-
atic viewpoint at three different yet highly related levels. Firstly, a macro-
scale model was established to study time course drug distributions in dif-
ferent organs especially in blood which circulates in whole body and de-
livers drug to targeted tumor. At the intratumoral level, a coupled 3D
tumor growth and angiogenesis model was proposed to elaborately simulate
neovasculature formation and calculate regional variations in drug distribu-
tion inside solid tumor. The third part focuses on how regional variations
in drug distribution affect tumor cell death/proliferation rate by linking
therapeutic response to intracellular signaling pathway blockade or alter-
ation, which provides us a high-resolution overview of drug action in the
targeted tumor cell. Hence, the first two modules which target the organ
level and intratumoral microenvironment are directly coupled to pharmaco-
kinetics analysis which is linked to the last component of the model that
analyzes the pharmacodynamic effects at the cellular level. Experimental
data for calibrating computational model, like drug distribution, tumor vas-
culature, drug penetration rate etc., were measured using PET, CT, and
high resolution intravital microscopy. We perform simulations to investi-
gate the delivery efficiency and drug efficacy of free drug and nanothera-
peutics. Our model successfully predicted optimal drug property and
therapy strategy. Finally, model effectiveness was validated by in vivo ex-
perimental data.
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Regulation of cell proliferation and cell division plays fundamental roles in tis-
sue formation, organ development, and cancer progression. However, mecha-
nisms of regulation of tissue elongation through cell proliferation and cell
division is still poorly understood. Here we use a recently developed two-
dimensional mechanical cellular model to study the mechanisms of regulation
of tissue elongation in Drosophila wing. Our model takes into account the
properties of cell geometry and cell mechanics and realisticly models the dy-
namic processes of cell growth, cell rearrangement, and cell division. We
study the effects of directional cues such as oriented division plane and ori-
ented mechanical force on tissue elongation. We also explore the role of re-
duced cell size during tissue elongation. Our results suggest that tissue
elongation in Drosophila wing is influenced by oriented division plane, ori-
ented mechanical force, and reduced cell size. We show that oriented division
plane and oriented mechanical forces act as directional cues during tissue elon-
gation. Between these two directional cues, we find that oriented mechanical
force has stronger influence compared to oriented division plane. In addition,
our results reveal a novel mechanism of reduced cell size in promoting tissue
elongation. We find that reduced cell size alone cannot drive tissue elongation,
as it does not have directional information. However, when combined with di-
rectional cues such as oriented division plane and oriented mechanical force,
reduced cell size can significantly enhance tissue elongation in Drosophila
wing.
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